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INTRODUCTION
Nucleoside-5'-triphosphates (NTPs) provide the building blocks for polymerase enzymes and a multitude of other biological and biotechnological systems. Analogues are widely used for enzyme mechanism studies. 1 Over the last ~25-50 years, a small number of key methods have been adopted for the preparation of NTPs and other phosphoanhydrides, 2 although new methods are now becoming available. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Often, these approaches rely on triand tetralkylammonium salts as organic-solvent-soluble sources of nucleophilic phosphate. Unfortunately, these salts are extremely hygroscopic, [15] [16] [17] [18] [19] [20] with deleterious consequences on the water-sensitive reactions that use them. PPN salts do not form heavily water-clathrated structures, and their preparation through aqueous precipitation has been established and applied synthetically. 21 Preliminary experiments using PPN pyrophosphate explored the use of additional drying of PPN pyrophosphate using molecular sieves, the addition of collidine, the addition of tri-n-octylamine, reaction time, temperature and stoichiometry. The conclusions of these studies were that additional drying increased conversion level, as did the additions of collidine and tri-noctylamine. Four ribonucleosides and thymidine, as a representative deoxyribonucleoside, were investigated as substrates (Scheme 2, Table 1 ).
Reactions were quenched with triethylammonium bicarbonate (TEAB) buffer followed by crude nucleotide isolation through extraction and selective precipitations with NaI/acetone. Rigorously controlled precipitation conditions served to reduce cTMP ion, which can be problematic during chromatography.
31 P NMR assessments of the crude nucleotides showed good conversion levels, with excess pyrophosphate and traces of cTMP and monophosphate being the P-containing impurities.
DEAE chromatography followed by cation exchange to sodium ions afforded each of the triphosphates 1-5 in yields of 21-48%.
CONCLUSIONS
PPN pyrophosphate is easily dried and displays limited moisture uptake from the atmosphere. It is a convenient and effective replacement for tri-and tetraalkyl ammonium pyrophosphates in (d)NTP preparation. 
EXPERIMENTAL

Drying of solvent and reagents
Phosphorylation Procedure
Dry triethyl phosphate (1 ml for uridine, cytidine and thymidine or 2.5 ml for guanosine and adenosine) was added to the nucleoside (0. NaI/acetone was added, and an additional crop of NTP precipitate was collected. The combined NTP precipitates were then dissolved in TEAB buffer, and then subjected to DEAE chromatography.
DEAE purification of NTPs
The crude NTP was dissolved in 2 ml of distilled water and was loaded onto a 50 ml bed-volume DEAE Sepharose Fast Flow column and nucleotide products were eluted using a 5-60% gradient of 1 M triethylammonium bicarbonate solution with a flow rate of 4.5 ml min were collected and lyophilised to give the purified NTP, which was exchanged to the Na salt through NaI/acetone precipitation.
Supplementary Data
Time-lapse photography of PPN pyrophosphate and tetrabutylammonium salts on exposure to the atmosphere, crude 31 P NMR spectra, and 31 P, 1 H and 13 C NMR spectra of NTPs after chromatography and isolation as Na salts. 
